
REPRODUCED FROM BEST AVAILABLE COW
1405^7

OF 'THE IMSRIOH 
Geological Survey 

..-Washington

'(JRAPHETB IE3POSIITS ON TH3 HCEEH SIDE OF TE3 
MOUOTAINS, SBWABD PENTNSOLA, ALASKA,

Ro'bert R. Coats

niTROIJUCTiaiT

 : The': gr«$&/fce deposits on the north side. of. the gigluaik Mountains have "been 
m -f6r many'years, .and havefyicildecL a small .quanti-jby of flake graphite, "but 

'they have-"been only sii^tly tteveloj^,. !The author: spen'ti..U days of June, 19^3 in 
conrpaa^'withMr. H, i.Heide^'mining''engineer of theV3ureau of tyines, and ^»;;;',. 
Kbrman Tweet,-part owner of'one 'of* tne propertiesf Acknowledgment is due Ite9 
John Eead and the Lomen Commercial Company for many 'favors rendered inx connection 
with the investigation. 2!he chemical analyses in this report were made "by 
P. S. Grimaldi, of the Geological Survey. . . _^.. . - : ;

Ihe deposits were examined many years ago !by fi^ington I/, who discussefc i?ne 
general geology and described the developments'up to the da'te/.of his examinalbipn. 
Miich 6f -thetiistory of the district given $eiow;is' taken from his report.' , ..'

According to Harrington, the .first claims ^were .staked in^J^Pg... Tyio principal 
groups of'claims were-frjorked, 'those of ''the;-Sici6J 'S^"'i0^6^^Wijaing .Syndicate .-and those of the Alaska Graphite Mining'-h'^*1 " "" ' t: """ ' : "  : -;>-"- : c " -" "   

.:: ' Harrington Records 'that the cia£ms''lfff ; 
were staked in part in 1905 and in part in 1915 or 1916. A production' of 35' tons 
picked from talus was reported for 19Q7, Accoird^ng to, Mpjtfi,^ 2/(*?the production 
in 1916 was about- 100 'tons, 'vti£Q--B&!$r8^ in 1917, 
together with several tons mijned/from-ian'':pperl i %it ; iii' ' '

:En 19l2r according to Mertie, rs^^^s.':%;t^l'^ 
made *by the Ifccle Sam Alaska Mining *&mdieatB/-arid 30.0 "tons .were Veady fo'r   ,.~.'\* .,-. , . . .;    Is*'.'i j v j: ..!'2'- 1*"^ ,..'   '.. . -         ' ' ....  
__ «^_i_.iL_.-^.-_.^_ '..*.. * *    -» . _

I/ Harrington, G-. L. f Graphite mining in Seward Peninsula: U. S. Geol. Survey 
Bull. 692, pp. 363-367, 1919.

2/ Mertie, J. B., Jr., lode mining and .prospecting on Seward Peninsula: 
U. S. GeoU Survey 3ull. 662, pp. UiJp-41J9, 1918.



shipment in 1916. Harrington, who visited the area in 1917, reported'that no 
shipments were made 341 that year by that company.

No records of subsequent production have'been found. The properties ap 
parently lay dormant until the'summer'-of 19H-3, when renewed interest was expressed 
in the restaking of claims. ,:'.,,

. - " " , V

Graphite deposits / are widespread in the' Kigluaik Mountains. 2/ The deposits 
described in the report have received the most. attention because of their relative 
accessibility. These deposits are about 36 miles northwest of Home and about 26 
miles east of Teller .(see fig» 1). The principal deposits are 2 to 3 miles from 
an arm of the Imuruk ;3asin,. ansl about 27 miles by salt water from Teller. JVbst 
of the Imuruk Basin is shallow'and does not exceed a fathom in depth at distances 
as much as a mile from shore. Arrangements may be made at Teller to charter small 
boats for the trip to the graphite-bear^Bg area., :

The portion of the area between the Kigluaik Mountains and the Imuruk Basin 
(see fig. 2) is chiefly a geatly-sloping.; alluvial fan, in which the larger creeks 
are intrenched from 10 to 30 feet hear the" mountain front.

The creek herein called Graphite Creek, the northeasternmost creeks-shown on 
figure 2r is about 2 miles southwest*.pf the.Cobblestone River. Huby, Ptarmigan and 
Trail Creeks transect the mountain front, in the order named, proceeding southwest- 
ward fipm $lac.ier Cr;eek» ,I*arrther to the southwest, some,of .the s^aa^er.creeks are 
unnamed'; ~ Thfe-dreek-a^oiat-^10 miles' sbuilawesi^of :: teail : CreeJc is ^Tre^.'ca^ed....-..,.: 
Ghrlstophosen'Greek' in oMertp'have a convenient.'meah^,of .r^"""""""

G*^1^
     . V* :  ?.' .' '"V  -'

.. _  . _^.- ,. ...._^ r.,4^ ._,_ the. no.rt^i; side : of ; the Kigluaik Mountains : ara i in. ia :   ; 
sequence of q&artzite scnists,'gneisses.and;marble^ whichfcriris the abruijb.uprtfefpohfbf 
the -rugged Kigluaik Mountains. These rocks'are regarded 4/ as taleozpic or earlier 
in age. In the area descriibed.: in, tfcds report, they: are intruded by-a. few ei^ls and 
ddkes of granocLiorite apli^ef" olivihe ba^ajt^ 'an4 other igneous, rockis*....  : j.-7.....«

. , , . , , ,-
-..-',. . : . ., "'-. '.'  :    "       .' .      '. ' .  '   /* '   ' "i.' V '"'.0 ' '- ' - 'iJ\''~ '  ' '-    - '-'  '  '  - 

The "area between' the mountain front "and the Imuruk Basii is underlain by 
e alluvium Qpmposed of s^ubangulai?., fragments of the.^various r^cks.jtlsa'l-qrop out 

in :the mbunt-aiiis^ >J^o:cali^, the :unc$nsolida|ed .aljuviu^ has been tr^iacshed. deeply 
enough- ^the^streariig ^'-ixlbse''^ Tang^bm^te,';^ to that

° - ;     ''   ' '' '''' A   ' *  ^  *"'*' .' **' ' "    '*-.

Moffit r -Ft .H. /' 'Gterilo^of \the 'SoBie: -arid

Moffit, E:. -H«y Geology of the .Some ai^^raid', Central quadcangles,, Alaska:- - VS* Geol. Survey-Bull. 53'3, V* 23,"19i'3. ' """'"'      "  - - .

f< P* S. , Area! geo.logy of Alaska:. II.. S. Geol. Survey Prof.. Paper 192.
-1  ' ; : -    -- -    '' ' - - " '



of the alluvium and cemented ty limonite* The fanglomerate evidently is also 
derived from the rocks of the mountains,   ..   .

The surface boundary between the ancient, me.tamorphic rocks and the'young ' , 
alluvium and fanglomerite is, for a distance of several miles,- a nearly straight - 
or gently curving line which also marks the base pf the steep-mountain front* 
This "boundary is a ffittlt- of large displacement which, in the area mapped, trends 
about 3. 75° E, and where exposed (see fig. 2) dips *W° ff. to 7b° V,- The banding 
and schistosity of the metamorphic rocks.in general .strike from N, 60° ¥, tp : 
H. 80° W* an4 dip from*35° «, to 60° KB. .   ' ' .: . "":.,,-'

. ^illimaMte^is'-theicJ^ratsterjLsti^ ietamprpbiC; mineral .in.-t3?ief :more' f ^i3,4.; c_.. 
rocks which make ''up^^bye'^r'ekt^ part -of .^1^ me^a)!Dorphic /*'Se^uence^ Biotite .atjflj / 
garnet, are also- comcai, "and'-grsrphite, amounting locally to several percent 'of 'the 
rock, is widespread* The disseminated graphite flakes range in size from 0.2 mm, 
to 1 mm. Locally, the graphite i? intergrpwn with biatit.e r--but-it- is- common also
in the non-micaceous-^paaart^i^aiicL^eiss, Graphitic marble is also present but in smaller volume." ^tUs'ito.'i^... -.     . \  ...-...- ... -      -

trently- intruded-.the"?4?ocks prior,.to.-metaf--,-.r /:-.-
morghism, .A; ;feiiir':^j3art8--dioritie' Bijis agparently were injected duripg\mejamo.rpjiism, 
Grrahodiorite aplite dikes apparently were injected .fdlicH4ng| metemorphi'sS. A Jew 
dark dikes .ol olivine basalt-are believed to be the .youngest- igneous-rockSv-in, this'

DEPOSITS '
   '».  t'

Distribution of graphite-

Most of the graphite in tfce area -studied- .is a. constittient -if' the Metamprphic- -,.. 
rocks, being wid03y a^ss'emi^ttexl in ̂ nearly, all .types*. --i-ZoniBs as! .n&ch as.'25" "feet 
thick, .in the quartz-biotiteigraphi'te' sphist- and ,(juart«-M(>tite^ari^tJ^raphite . . - 
schist contain peijhaps'-.as much.as^lb percent, o^ graphite,1 :- V/i^nin^ these low-grade. C; ; 
zones are lenses made tcp largely of . f elat iy^JL^ vcoar se ?graphii e 'flakes , * as *much as , . ; 
several millimeters i^ .diameteri V $&Q lerises 'were, estimated: visually to contain 
from; 5P percent to -SO percent <jf graphite by volume; the chief impurity is quartz, 

NbothT milky and glassy. The graphite of the lenses is in_par£.. schistose and in 
many places is much cqnto.rt.e4- by fault movements, wHich have followed preferentially 
the graphitic zones* ^ault^d lenses appear to contjain less. flake. graphite-than 
undisturbed lenses. In g.eneralv>tEe di;ameteri' br.eapc-'sed length, of the high-grade 
graphitic lenses appears td'be-frdm 10 to J4 times tfce thickness. The lenses ..,.,« , 
examined may comprise as muc£ as a qjtjarter of the total volume of ̂ the graphitic 
zones of minabie dimensions of wJaich they are a parti   .. ,   .- " '"

,'.'.' , ;>>.'' '-   '* " ' ' * '   " ' ' ... :... . ' -   ' .*" '" 

"All of 'the graphite which Has hitherto been shipped from this area has been 
obtained either by mining the zones containing the richer lenses and sorting out 
the richer material, or by collecting the surface float derived from- such lenses,



Description, of. graphite occurrences.

Although graphite is -yd-dely. (EstriTauted.^^ng^he^'entire'f'rpnt of the 
Kigluaik Mountains,, the, principal-properties- ^re the; claims onee: worked "ty the 
Uncle Sam Alaska! Hitting; indicate,- in''.'the yiciiii.ty' of the* creek herein-'..called 
Christophosen Creek*<:.md.:the claims,worked.lqy.the. A^tai^agraphite-Ming Company, 
in the vicinity of. Graphite Creek and Buliy Creek. CseeV'fi&*"is)

 >. Between Christophp.s$n;-.Cfeeek- and the. nextf-gulty .westward are .several .small 
piles of sorted graphite^evi'gently; derived-.eitijer frdja.ji.ts buried ^ 'snw :at the 
time of the-exandnatioa ^esuitin^dn'this report or^caiiected from*''the talus' - -- ' '-' 
slopes. Hr*:Heide estimated ' , the total amount' of graphiteVia^ these piles "ft> .Tse     
aoout 50   tons./  :5be gyap&i.te;contents, as shown %.chemicai;analyses; of'several' 
screen-sized fractipns.pl-a-grabsampiis from the, largest.p£ : these piles are as - follows: ' '"-.'*" '- V'v . .   "   ' >; ', ;'   -'  ; '- !  '*' *  -"    ' .     

" ' '  ''  ' ' ' ' " ' . '.. ': " ' ..:.,.:.

.' .   '     « ..-. - ;« - f. ,

Percent of total 
weight of sample

Percent of graphite

.',;.. . Size of parti dies 
'!"  '." (screen size in meshes' -oer inch)

t>ius 10

63.5

55. ak

minus 10 
plus 30

19.5

58.7U ,-

minus 30 
plus 50

6.9

62.53

"minus 50

10.1

60^56

entire 
sanrole

dOO

^ 56.62
(V . 
analysis)

56.83 
("by calculation) -

" About 200 fe.et higher than the cabin on Christophosen Creek and'SOb' 
farther south and a little-farther east than it, on the west side of the'^, 
is, a small pit, which: exposes a graphitic lens,'enclosed in graphitic quartz^'^ 
Motite schist., Ihe lens is about 1 foot thick, "but its length could not "be :'^'. 
determined. Ihe graphite content as shown "by chemical analyses, of several scifreen- 
sized fractions of-'a- specimen of the average material of this lens is as follows:

- ,-.:.' .'/A"- ' .- :C: -'

Percent .of total : . ; 
 weight of sanrole
Percent of 'graphite

.>;.   -,;  4 -.;' -.  - Size of particles . ; ' - 
r - (screen size- In meshes. t>er inch)

 plus, 10

63.2
22.59

minus 10 
t>lus 30.

19,6
25.71 .

minus 30 
plus 50

6.6'"''

31.12

minus 50

. 10.6 '
31.73

entire 
sample

100
2U.90 ("bv 
analysis) 

'2^.73 (by 
calculation)



~-Jl'snialiL-'^-t ^
along ttjae f^^fc^-'Ch}^ in 
a thickness "*6f. '*t'**'fiffift'fe'»'^^fiflwr1-/'j^rrflttwiT^Mp* stringers'^ofi fa4j^Vv*^T'arfft 'firsBhite.  ' each from 
tnr^e £6 fou^cij^es cthickr. : ;:Ti/^/iik>i^ : similar--strihgers^-c^rop out;abput .three'feet 
stratigraphically below the lowest of the four stringers exposed in the pit. t ,

(Ja-the-ea$thbaBk cjf; - the /creek herein 'called Trail. Creek tfce fault marking the 
mountain-iroht' is e^jose&at-the base of the scarp * where it: trends .1$+ 78° S. f 
and dips 62r KVT. The gouge zone, about 18. inches thick, ia. Jjighly.graphitict-but 
only a little good/lake.graphite was seen.

- «^u_ J r^v-^^,.^, B̂^^et/and sonSf. : .0f.^eller, : .: inclines'part of the. .
^ to'Alaska Graphite Mining Company., -!3!he westernmost 
Lear\;*fce frontal fault about 50- feet west of a.' small gulch 

about to ;.f ee^ Wat -of Bat^rl-Creek. Sere, two. trenches fca?e. been extendjed £o form 
oa& "p^ac1ficall^i5ohtifiuous';^pen cut, about 50 feet: long, following a graphitic 
"zoiie'-ifL 'the^eiohtst whic^s.trikes ff 55°. V and dips 60^ US; . : In- tJgls zone, lenses 
of high-grade graphitic material "up to 1 foot in thickness form, at least locally, 
as; inufch-as 50" pfiorcent. of the^rocky Inis* hAgh^rade.tnat.erial was estimated to con 
tain at least J/Q percent -of. graphite by tyolumev 5he: graphite contents, as shown : 

chemical analyses,: .-of. variQus.7 screen^ si zed fractions of .a sample of the higj>r. -; 
maieri'al Xram-'the face.of; this -cut, are as follows;. « ;. . .  .-.> ''- 

sif ae^
.. , 

inch)

Percent'.of 
weight «of .:sampj

minu^ 10
  50

minu§ ' 50 entire
rSSBTDle.

100 /*.:<
 . -:\.T" ;>,: ,f

PefcJertt :bf grac 
ite

7.58- 63.06 6^,28 :..r:.62*07
.anaiysis) : .;,«

59,58 (by
calculation}

tapper end'of this cut1 is abput'100 feet-'H^iiei4; thati; the point where Euby 
Creek crosses the fault. The graphite fcone which";tbe.cut develops-4aay be Ttraced. 
southeastward by means of float for 500 feet to .a .point about 170  £e'et; higher than 
the cut. T33e.gtaphi;tic zones* oh Buby Credc,- mentioned; below are

this 2sonef - ;*--t" .^,.1 : £ , -,!:  ;  ^

On the east bank of Ruby Creek, 20 feet soutli of ''& fault, a\ ̂   f^pt;;drtift 
in graphitic schist exposes a ^foot.?o.ne between.two !faults., which ..trend " 
H 80° B and dip about'7d° »W near the jface of the irift. '%thin"the,^f 
are several-stringers, each from 1 to 6 inches thick, jof high-grade gr's, 
ma't^cial-i : 33a$ faults locally follow ^e^ii^'pWesi *and:^parently represent'   
.bedditiag-planie;splits from the'frontal'fault. Oh'tne same'side of the creek^lSO 
"feet higher, is exposed a graphitic zone-about-lj feet thick, interbecL^ >ath;



grade
1 foot
total th£efcness- of
rode*

zone is high- 
is a 3-inch "bed, and 

"bed of .J4ghrgrad£. material, making a
zone of granitic

: Seventy £^t> sQ^^te£; 1^ l^^samejiside of Huby Creek, - 
severa£:high-gra$e- lenses #&graphite- fxw4 inches- 10 12 inches thick are dis~, 
tributed" .through A zone .-about jl£ f eet : tfalc&» :,,- . f .... : V;-     /; /."..  

None of the graphite zones exposed aitfng Buby Creek could be traced more than
a score^ of
"bottom: -of -.the.- 
and-i to- general 
indiy idoal lenses: 
same ,-amouftt-of 
in

cjDver
; less-rthanr

>/ /be a)50ut; ,-aSr
. to. conteitt ̂ oui f the- fx 

.decareasev 
,-of another^

. ..... ...
- . On t^ ;vl«iE^-:s^rQ^;^C8|tt 3/^^fae^hd^rfvtl4n:1fcne: point, at vV 

which tt»-«tjr^»««B-B'i5 ».'fel«;-Jf^^ the  I'4 - 5 
footwall, and-abefut^ feeVlQi^^tt'iiieVij^ii^'^^ sekistosity; 
of the roc^s, v/hich coincictes/ >dith the rbedSing,- ::and .trradt abbat'--3!5i a??r.^f- and ,CT> 
dips ^9 N» Prom this pit, according to Mrf 3Jweet, about 50 tons of graphite was 
mined and shipped in 1916^ ^hejpit wais partly filled with snow when it was examined 
"by us, "but xa l>-foot s^J^^'i^^iasurea^^^
total of about 3 f^£sb£$j^'g^^ schist,; with garnets as 
much as half an incfc;;s^s%a^^^^/fee1; :<^^st0"ctfMg^^^ graphitic" 
material^ with nqiproiis irrqguto ^^t^§trii|gers.t.f;Bcicause the high-grade 
graphitic material is pr<es^OnT&sest! "i^
zone probably would be .different a f ew ^eet awayiajropn ther§^ction measured:, '-CDhe  * 
results of chemical analyses for girscphite content 'of s6neen-si zed -fractions o^ a 
sample of the garneljif erous -,g^^}hitic sclji'st, and qne of th§ > high^r^.gr!ggphite.- .-- 
from this pit are- .^.fpllowsr ^ .' " : - " "^ - f:

V ; * St^e pf particles _ '

(screen siae in meshes iser inch)
  ".'   .    '

Percent of totai/; 
^i^ht c^f /santpie 
of - *

minus 3P 
'plus "50

.

entire semple  

Percent of 
grahite

12.80
.,.»-- .

11,18 . 
11.^89 ("By calculation)

Percent of   total 
weight of sampled 
of-high-grade '" 
graphite

9*2' 100: ;:--r-? :--f.  ';,.';;':. n. 
- -  ' ; -' -:±. : ;: ' £ ''' \- "

Pe??ceht of 50.58 58.08



On. the east, side. of,.ftr^hite.- Pljeekvra,,zone ; q£. graphitic, material, of. con- 
a^l^*e^0rit;ls 'fc^j^j&'V''."it $£ at;Teaat,J?QP 'jeet/spfosaithe strike of the 

"bed's.i from. t'fce.'.E^djilpt^ described above, and 
'' q^el'%t, "Hear t%̂ ' tottbmjof;:$ie..canyon, thi,s .zone is about

^^ tJ^d^ess^oiT'the graphitic schist,
-lens of high-grade

rgr^p'tic ni^tjgri,ail ai^jie^a^e <jif. '.the granitic zonefj-.ar$. found by a rough analysis 
a^fe^hite dontetftrof a^ottt'10'percent. ' Heide examtpecl/ some cuts and ensures 
farther east and reports that about 200 feet east of the place where the sample 

f .was,,talcen, ;.ar4 alpng flop .s^me.v.zone, a. cut-eposes a  hligh-grade .graphitic.bed about 
i^.'fk^''^^''\\f r̂ti4^^^^> east of tHis cut, another cut eapo.ses a similar 
^ 'lij&'cikiiesst o;r'^0^^^7^fei«l» ^ke graphitic zone-Jean "be  traced;"by float,for' 

t^^^^^^^lpixm^t cut, and "by occasional,exposures "between the- cuts, 
r'qlr .not t.he:cte^! o'? lilgfa^rade material is cpntiiupus pyer the v^le distance 
" ' . -' ' - .. ..-,   " -.:-. ! ^ :.-    '..''.''.

   "  '   " -  ':;  ,   ' " ' , ; ,   ...

'' ! '' "   ,- ''"',  ' " . - EESSEVSS '-       * : ' "   
- ,  " '" '' '   '   ;"''-'*.-> -.-.'. "' * .; v * ' "- ;-' : '- "  '" '  "^^ .' - '-"   ' >  ' '-/ '-" .*-,:''"; -I"-'.- '-''.

Because of scanty e^osures*and the consequent uncertainty as to continuity" 
"between exposures, the estimation of graphite reserves is highly speculative. The 
measured reserves include only the 50 tons-or so of sorted material already stock- 
piled.   - - ' ;r': ".; ; -'     '  

- The data resulting from this examination make possible the inference that 
there is about 6^,000 tons of graphitic material, averaging about 60 percent 
graphite by volume-or about 52 percent by weight, in the three miles of mountain 
front examined and down to the level of the alluvium in front of the' scarp. If 
material containing as little as 10 percent of graphite can be mined, the reserves 
may be as much as 2 or 3 million tons. Ihese figures correspond with those arrived 
at by Mrf Heide, : x , . v _ *:".. v .

/   $UX»:ES!JGWS !TO HIOSEECJIORS -

. Ihe development and operation of the graphite deposits of the Kigluaik Moun 
tains would be subject to certain handicaps* Any graphite produced there would 
have to compete with that now readily available in the major markets and to which 
the principal users are accustomed, Adverse climatic conditions, short open 
season, high freight rates, and limited supply of skilled labor would all have to 
.be metf $he unweathered state of the graphitic rocks would render crushing neces~ 
sary, with attendant increase of costs and possible reduction in the. size of the 
 graphite flakes. In some regions, graphite is recovered from deeply decayed rocks. 

, Some of the graphite in the Kigluaik Mountains is .intfim5ttjel^.:intersto\'xn :with' 
micaceous minerals; because the separation of graphite from such intergrowths is 
difficult £/, places should be selected for mining where this intergrowth is not 
present.

Miller, 3. Ii.| Graphite, in Industrial'Minerals and Bocks, p. 
Am, Inst. Min. Met. Egg,, 1937. ... -   
Ailing, H. Iu, -The Adirondack graphite deposits: tfew Toric State Mus. 
Bull, 199, p. 132, 1918,



  Tne "best material sampled in the Kigluaik Mountairis ris very high-grade in 
comparison with deposits of -flake graphite mined elsewhere j   even the poorest ma-r 
terial sampled would "be good ore in many places. ' However, it is -unlikely that 'a. 
product usable in. industry can be .made by sorting alone ; without mechanical bene-^ 
ficiation, Ho substantial improvement in grade could be obtained solely by crush 
ing and screening, That graphite of high purity is present is shown by Grimaldi's 
report that graphite remaining after purification with hydrofluoric and nitric 
acids is. about 98 percent carbon, ' <  '.'" '

.

.As ..large areas iji the Kigluaik Mountains have Jiot ^^ -been stuped "in 1 
the best deposits may not >. have been found. The impre sstoa" gained in; the course of'/. 
the investigation -was -.that .$he; . .deposits, are. of: higher grade in the vicinity bif  ' '" '   ' ' 
Graphite Creek near the east end of the belt examined than they are farther west. - r 
All of the deposits mined thus far are in the metamorphic rocks. The possibility 
of finding a deposit, of Crystalline ff graphxti^;of the Ceylon type is suggested by 
the occurrence, reported by Moffit 6/ f of graphite forming an 8-inch .layer between 
pegmatite. and s^oiiisst^ ^Su&h mterial .might be^more1 v^4mbl'g;4haiir 'tiie f-lafeef; graphite . 
recoyered, fr<p.di.sseffiinAl30da .deposits.- in -sbhist, =.   ^ot? .".::-. r :;;;:-. ^.: ,,---:-:,^ -.;. .: .:-    "-

'" " . .*' " r "' " '" :-  .--' . : ' '      ,  ... " > !      ;. .,..,. _ . -.

8



Figure 1 

Index nap, shoving location of area covered by Figure 2
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